Study Design. For in vitro studies, there is no basis t for choosing a "load control study" over a "displace-: ment control" study. This study qualitatively compared f results from in vitro and in vivo tests, allowing the au- € : thors to address the experimental assumptions that in vitro testing contributes to the understanding of the in vivo condition.
Objectives. To compare motion changes at segments i adjacent to fusions for i n vitro and i n vivo tests. Summary of Background Data. Investigators have measured the effects of spinal fusions on the adjacent segment in a human cadaver model and found greater adjacent facet joint load after fusions. Others have 1 found significant increases in motion and facet loads at segments adjacent to in vitro lumbosacral and long fusions, when the same range of motion was repeated before and after immobilization of lumbar segments.
Methods. L2-L3 motion was measured i n vitro by an instrumented spatial linkage under load and displacement control before and after immobilization of segments (LSL7). In vivo, L2-L3 motion was measured while animals walked on a treadmill. L3-L7 was fused and the L2-L3 motion testing was repeated. The change in in vivo adjacent segment motion was qualitatively compared with the in vitro change under "load" and "displacement" control.
Results. Under " l o a d control, in vitro facet motion did not significantly change after immobilization, whereas under "displacement" control, the facet motion significantly increased from 2.2 * 0.4 mm to 4.1 * 0-6 mm. Post-instrumentation, in vivo U-L3 facet motion increased significantly. This change in vivo related better to the changes seen in the in vitro "displacement" control test than to the in vitro "load" control for publication December 31, 1993.
"la"?l disclosure~device status categories: 117.
k Clinically, degeneration of motion segments adjacent to a spinal fusion has become a significant problem. Follow-up studies have demonstrated that adjacent segment problems account for a significant proportion of the 20% to 40% poor long-term results seen after lumbar spine fusion for degenerative condition^.^^^ Significant pathology at these levels is the indication for surgical immobilization, yet little is known about the effect this has on the overall functional capacity of the patient, the function of the lumbar spine, the load and motion within the remaining motion segments, and the metabolism of disc and facet cartilage. Experimental methods are invoked to assist in the understanding of this clinical problem. Interpretation of in vitro animal or human cadaveric data depends on the answers to two questions. First, is the bovine or canine spine comparable to the human spine? Second, is the in vitro testing condition comparable to the in vivo condition?
The canine has been used for in vivo lumbar spine investigations of cartilage and disc biochemistry after fusion.l,3,4,11,21 R ecently, surgical artifact was shown to be a significant problem of in vivo motion measurement and surgical manipulation. Schendel et al noted that surgical exposure results in significant loss of motion and ankylosis as early as 3 weeks postoperatively.'7 Others have noted the stabilizing effects of soft tissue scarring, and these studies have emphasized the need for adjacent segment biomechanical investigations (concurrent with biologic studies) in which the mechanics of the joint are known and are not altered by the hypet'trophic osseous scar overgrowth noted in canines and rabb i t~.~~~~~~~~~ Gait pattern for the functional quadruped affects spinal motion in the canine, baboon, goat, and rabbit models. Despite a quadruped gait, the canine has been documented to exert significant axial facet load during gait.2 Except fo; noninvasive human testing, no adequate biped experimental model exists.
Experimental results of in vitro models vary according to testing methods. With fusion, it is believed that the motion, previously distributed over several lumbar segments, will be transferred to the open segments and increase the motion and load of these segments. Lee and Langrana investigated the effects of spinal fusions on the
